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SUMMARY

Several modifications of a l/8-size model of the
PBN-1 airplane were tested in Langley tank no. 1 to
determine their effect on the spray characteristics and
on the take-off and landlng stability. The modifi-
cations included changes in the bow (addition of spray
strips ) and Increases in the depth of step and angle of
afterbody keel.

The spray over the bow at low speeds was reduced by
the addition of spray strips and, to a lesser extent, by
an increase in depth of step or &ngle of afterbody keel.
The range of speeds over which spray entered the pro-
pellers was reduced by the addition of spray strips. m
increase in depth of step, which increased the propeller
clearance, also reduced this range of.speeds. An increase
in angle of afterbody keel had little effect an the pro-
peller spray.

The basic model skipped at all trims above 6°. Thi S

skipping was eliminated by an increase In the depth of
step from 3.8 to 7 percent beam. An increase in the
angle of afterbody keel from 6.250 to 7.750 reduced the
landing stability. The location of the main step was
satisfactory for stable take-offs with neutral elevators
at forward positions of the center of gravity and with
-10° elevators (trailing edge up) at after positions of
the center of gravity. An increase In the depth of step
or angle of afterbody keel did not appreciably affect
the forward ltilt for stable positions of the center of
gravity. With an elevator deflection of -10°, the after
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limit for stable positions of the center of gravity was
moved aft when the depth of step was increased.

INTRODUCTION

The tam! tests of a l/’8-size model of the PBN-1 air-
plane desoribed h this report were requested by the
Bureau of Aeronnuti cs, Navy Dqartient, on my 27, 1943.

The P5N-1, which is built by the Naval Aircraft
Factory, is a modified version of the.PBY airplane.
Flight reports indicate that the spray characteristics
of the PBN-1 are not entirely satisfactory. At very low
speeds the spray comes over the bow and wets the wind-
sb~eld, and.at a slightly higher speed spray strikes the
propellers. The airplane klso tends to skip on landing.
Tests of a powered dyrmmlc model were made to determine
the effect of spray strips, depth of step, and angle of
afterbody keel on the spray characteristics and on the
take-off and landing stability.

The investigation was made in Lan&ley tank no. 1 in
October and November of 19~..

A l/8-full-size dynamically similar model of the
PBN-1 was constructed at the Langley Laboratcmy, using
drawings and dimensions furnished by the Naval ~ircraft
Factory. The principal dimensions of the model are given
In table 1. The general arrangement of the model is
shown ~n figure 1, and a photograph of the rlodel is
presented in figure 2.

I

The main differences between the hull of the present
model and that of the PBY are shown in the following ‘
table:
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Ezi:::L~FDepth of stepat oentrold,peroentbeam

PBN-1(model192)

20°.vee
3.8
2.6
~8.67(tooentroid)”
52.5(atoeritroid)
31.46(fromcentroid

. .

.:

The lines of the bow of’the kll-size PBN-1 were”formed
by rei’airln~ the bow of the PBY airplane” and installing
clsmhell doors over the bombardiers window.”

The hull of’.them6del was built in three parts’to
facilate changes In the bow;”the depth of step, and - “
the angle of afterbody keel. .T@ bows were 6onstr.ucte”d:. .
the original PBN-1 bow, “anda similar bow with spray
strips added at the chines (figs. 3(a) and 3(b)). Two
afterbody sections that differed only in the angle of
afterbody keel (6.250 and 7.75°) were provided. The
depth of step was increased by Iowerhg the bottom of’
the f’orebody. ..

The power installation consisted of two 0.9-
horsepower direct-current electric motors which turned
three-b].ademetal propellers. The propellers, which had
a diameter of 18 inches and a blade angle of 17°, were
turned &t 4335 rpm to obtain scale thrust.

Slats were attached to the leading edge’of the”
wing in order t~ delay the stall and compensate for
scale effect on lift coefficient.

A list of the configurations thatiwere tested and
the corresponding model designations is presented in the
following table:

Modelno. Bow Depthof main step
at keel,peroentbeam

192
192A

--l
192A-1
192A-2

192B
192B- 1

PBN-1
PBN-1with

NAF sprayetrips
-------do-------
-------do-------
-------do-------
-------do-------

3.8
3.8

7.0
10.0
3.6
7.0

Angle of
,fterbodykeel

(deg)

6.25
6.25

6.25
6.25
7.75
7*75

. .
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The following values for the moment of inertia of “
th”eballasted model were obtained: - ~

I L ‘–xHQr$zcmta”l”po?ttion of the center of —
gravity, percent M.A.C.

— ~—— ..

. .

.. ,

APPARATUS AND PROCEDURE
.. ,

,.

!l’het~wing equipmenk and some of the testing methods
used in Langley tank no. 1 are described in referefice 1.
A description of the test procedure used for this investi-
gation is “presented In reference 2.

..”
The following conditions were maintained for all of

the tests, unless otherwise specified:

Design stabilizer., 68, -2° to.the wing chord
Leading-edge slats on wing
Deflection of elevators, 6eJ 0°
Position of center of’gravity

Vertical position 15.2 inches above keel
aHorizontal positim, 2 percent M.A.C.

~or tests with power
Two 18-inch, three-blade metal propellers
Blade angle, 17°
Rpm, ~335

at step

The trim was referred to the”base line of the model and
this tingleIs measured between the base line and the
water plane. sow-up angles and moments tending to
raise the,bow were considered positive.

The thrust was measured at a trim of 0° with the
model towed just cleallof the water. ViithOUt power, the
aerodynamic “lift and pitching monents were measured at a
sD6ed”of 45 feet per second. With power, aerodynamic
tests were made over a range of speeds from O to &5 feet
per second. The aerodynamic lift and pitching-moment
coefficients, computed from these data, are defined as”
follows:

.. . .-

. ... . . .

. .
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L. ~f.t .Coefficient, -CL = .-. ,...... ,
n.

,wher.e. .. .
.,

. .

hf “
c06rficient,. ‘&=—

; &2c

“. , “,. .” . .

!.’”

. . . ..

L’ - l.lft, pounds “ ““ . 1,.

.M pitching.moment, pound-feet . .

P d6nsity of air, slugs per fo’ot3 ‘

. .

. .

s area of wing, feet2

v carriage speed, feet per second

c“ mean aerodynamic chord, 1.72 feet

The effective thrust was computed using the following
expressions:

Te=(T-AD)=D+R

where

Te effective thrust, pounds

‘T propeller thrust, pounds

D“ drag of model without propellers

AD Increase in”drag due to slipstream, pounds

R measured resultant horizontal force, power on,
pounds .

.An investigation of the bow spray of several modifi-
cations of the model was ~ade through a speed range from
O to 15 feet per second, with full power, at a gross
load of 71.7 pounds (37,000 pounds full size). still
photographs were taken at constant speeds, and motion.
pictures were taken during accelerated runs in both
smooth water and In waves 3 inches”kn hai.ght.
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The trim llm.ltsof stability and the limits for
stable positions of the center of gravity were detezmlned
for models lg2 i92A-l,and lg2B-1 with full power at a
gross load of ~0.1 nounds (31,000 paurcisfull size).
Ulevator settings of 0°, -10°, and -25° were used In
these tests.

The landing stability of models 192, 192A-1 l~2B,
and 192E-1 was determined for a trim range from L0 to 16°.
The landings were made without pcwer et gross loads of
60.1 and 71.7 pounds. Landing stability whs investigated
at two positions of the center of gravity, 2!+and 3]+per-
cent mean aerodynamic ch~rd. Trim and rise records were
obtained to show the behavior of the models during landings.

. .

RE~UIJTS

Aerod amlc tests.-
%?blade angie o l~d an rpm of L335 approximated the

AND

The

DISCUSSION

effective thrust, with a

estimate~ scale th;ust of the alrpl-&6. ‘These data are
plotted in figure 4 along with the air drag of the c~m-
plete model. ~

The aeroclynanic lift and nltching-mouent coeffi-
cients, without power are shown in fi~ure 5 far elevator
deflections of Oo and -~5cl . The aerodynamic lift and
pitching moment, with power, are plotted against speed
in figure 6 for elevator deflections of 0°, -10°, and -250.
The aerodpamic lif’tand nitching-moment coefficients,
comouted from data taken with power at a speed of 45 feet
per second, are shown in figure 7.

~ CO~DariSO~ Of CL and Cm, for neutral elevators,
“with and without power, is shown In figure 8. The maximum
lift coefficients, without power, was 1.65 at a trim
of 14.5°, and the llf’tcoefficient at the same trim, with
power, was 2.05. ‘:lithneutral elevazcrs, the application
cf pcwer did .mt appreciably char.gathe aerod;nunic
pitchi~g-mc)m~nt coefficients.

--
wb.an the s~ra~ strips wsre added (fig. 10):” By increasing
the depth of 3tcp (lowering the forabody), and incre~sing
the &ngle of aft.erbody ke~l, the trim of the model was
increesad and small decreases in the spray over the bow
were observed (figs. 10 to 14).
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Representative photographs (figs. 9 to 14) were
selected to cover the range of speeds showing s~ray
through the propeller disks. This range, which extended.
from 8$ to 13 feet per second for the basic model 192,

was reduced to a rang”efrom 9$ to 13 I’eetper second when

the spray strips were added (fig. 15(a)). Increasing the
depth of step which also IncTeased the propeller clear-
ance of model 192A caused successive reductions in this
speed ‘range, finally narrowing to a range from 11

“ to 12 feet per second for a depth of step of 10 percent
beam (fig. 15(c)). Increasing the angle of afterbody
keel of model 192A increased the trim, but did not appre-
ciably affGCt the speed ra~~e over which the spray was
in the propeller disks (fig. 15(b)). The comparisons
given In figure 15(d) indicate that the range of speeds
over which spray entered the propeller disks was influ-
enced more by the change in propeller clearance than by
the change in trim.

Accelerated runs in waves approximately 3 inches :
hi~h showed trends similar to those found in the tests
tn ~Ooth water.

Trim l:mlts of stability.- !lhetrim ll~:i~ts of
stabi~it f th b d 1 are shown in figure 16.
The ra& o~rsta~lea~r~m~5w~s approximately 7°, between
the lower limit and the upper llmit, increasing trim.
I’hedifference between the two branches of the upper
limit varied from 1.5° at intermediate plantng speeds,
to 5° at high speeds. Eear getaway speed, model 192
porpoi.sed violently and the upper limit, decreasing
trim, was about 2.56 above the lower limit.

The trim limits of stability for models 192A-1
and 192B-1 are presented in figures 17 and 18, respec-
tively. A comparison of these trim limits with those
for model 192 is shown in figure 19. The upper limit,
Increasing trim, was raised when the depth of step was
increased (compare models 192 and 192A-1). This limit
was further raised when the angle of af’terbodykeel was
increased (compare models 192A-1 and 192B-1). Over most
of the speed range where high-angle porpolsing occurred,
the difference between the upper limit, increasing trim,
and the upper limit, decreasing trim, was smaller and.- . . --...”-.

nlm-—mn ——m m,, mm, , ■ .. . --.., ,,.—. —....- ..
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the porpoising was less violent for models 192A-1
and 192B-1 than for model 192. Within the accuracy of
the tests, the lower trim limits of stability of the
three models were In agreament.

Stability durin take-off.- The warintfon of trim
–*with %~e~~r mo e =~elevator deflections of 0°,

-10°,and -25° 1s shown in figme 20, and for models 192A-1
and 192B-1 in fi&ures 21 and 22, respectively. Where only
~ne-half cyc13 of porpoislng was encountered at high trims
just before take-off, the trim curve is shown as a broken
line. With neutral elevato~-s, the trim tracks above
hunns speeds were a;~proximately the ssme for the”three
models. No change h tho trim tracks would be expected
with neutral elevators inusmuch as the trir.swere low and
the afterbody was clear of the water. With up elevators
(-10° and -250), however, the trim tracks were raised
when the depth of step was increased; and the trim tracks
were furtlher raised wy.en the an~le of’afterbody keel was
increased (compare models 192A-1 and 192B-1 ). At the ~
trims obtained with up elevetors the afterbody was in the
water at high speeds and the trim was therefore influenced
by changes in the afterbody clearance.

Tb.emaximum amplitude of porpolaing of model 192 is
plotted agulnst the horizontal position of’the center of
gravity in f’igure 23. The tailed symbols are the one-
half cycle smplituc!es referred to In the nreceding para-
graph. At forwurd aositions of the center of gravity and
neutral elevat3rs, less than 2J amplitude of pmpoising
was observed. With elevator deflections no greater
than -10°, stab?.etake-oft’s were possible at all posi-
tions of the center of gravity tested forward of 31 per-
cent moan aerodynamic chord. The lacation of the ~~atn
step is therefore believed to be satisfactory.

The maximum amlitude of ~orpoising for models 192A-1
and 192P-1 is plotted against the horizontal position of
the center of gravity in figures ~ and 25, respectively.
At forward positions of the center of gravity and with
neutrul elevators, slight porpoising &t high speed ‘was
encountered for models 192A-1 and l~2B-l; but this
axplitude of norpoising was n~t included in the summary
curves bece.use, at these high speeds, the trims were
Iowor than th~se generally used for take-off. A compar-
ison of the variation of maximum amplitude of porpoising
with position of the center of gravity for models 192,
192A-l,and 192%1 i.spresented in figure 26.
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With neutral

9

elevators and forward positions of the
center ofl.gravlty the .bp@.v$,orof the th~ee models was
approximately the same. With -10° elevators, the after
limit for stable positions of tho center of gravity was
moved aft approximately 7 percent of the mean aerodynamic
chord when the depth of step was increased (compare
models 192 &nd 192A-1), but was not moved any farther
aft when the angle of afterbody keel was increased (cmm-
pare models 192A-1 and 192B-1). With “259 elevators, .
the change in the after limit for the three models was
in the ssme direction, buh was less apparent than that
obtained with -10° elevators.. . . . . .

T~ndin stabili~.-
9

Records of the variatiop of
trim -ra~ui! landings of models 192, 192A-1,
l~2B,and 192B-1 are shown in figures 27 to 30. .A compar-
ison of the landimz characteristics of models tested in
the tank is usually mude by counting the number of skips
(nmnber of times main step leaves the water) during
landings. This comparison is given for models 192,
192A-1, 192B, and 19213=1In the following table.:

:: ~i:~-::
::

fiodel gravity, power

34 ‘Zero I .

I 5:5 0
7.1 8
9.2 6
11.5 7

I34 I 71.7 5.1 0 27(b)
6.1 0

ki % “
10.6 7

24 “ 60.1 5*3 27(c)
7.0 ;
9.0

24 , Half 60.1 6.3 , ; 27(d)
I 8.0 1

~ 8.5 5 —.

—.—
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Model
no .

———

19LI-1

192F!

192P-1

—.

Center of
grdvity,
percent
M.A.C.——

—.

-1

POwei’
Gross load, L::m;g

Ao, lb
deg

Zero I
I

I

Zero

Zero

-— —

60. 1“

~:.7.--1

60.1

60.1

&O.i

—— .—

MR No. L5C30

No. of
skips “

.—

il
0
0
0
0

0
0
0
0
3

0
0
0

:

0
8
7
6

?

0
0

i

2—.

Figure
no .

28(a)

28(b)

c)

In ~yneral violent sklaning occurred at trims
greater t~.an60 rOr r2J91 1~2. This skipping was attrl-
bltedta the shallow main ste~. A decrease in the moss
l~at or an ~npl.ication of power tended to reduce t~e
landing instability. Ltinding instability could be
reduced in some c~ses by use of t’neelev&tors to decrease
the trim of the model at the instant of contact with the
water.

. .b
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With the depth of the step of the basic model
incregsed fr~, 3.8 to 7.0 percent beam (model 1 2A-1)
stable landings were made at all trims up to 16z
(fig. 28). With the angle of afterbody keel Increased
from 6..25°to 7.750 and with the shallow ste

~ [fig. 294.
model 1?2B)

the ifi~del skipped violently at trims above 5
With the depth of step of model 192B Increased from 3,
to 7.0 percent beam”(model 192B-1) the model skipped
violently at trims above 11° (fig. 30).

The results of the landing tests Indicate that,
with the deep step (7 percent beam

J
in conjunction with

an angle of afterbody keel of 6.25 , the model was stable
on landing. However, the same depth of step was not
adequate for landing stablilty at high trims for the
model with the higher angle of afterbody keel (7.750).
If the landlng stabillty at the two angles of afterbody
keel is compared,it cm be seen that the increase in
angle of afterbody keel tended to reduce the landing
stability at both depths ~f step.

CONCLUSIONS

1. Spray strips around the bow reduced the spray
over the bow at low spe~ds. An increase in depth of step
or an~le of afterbody keel, which increased the trim at
low speeds, reduced slightly the spray over the bow.

2. Spray strips around the bow reduced the r;%: of
speeds over which spray entered the propellers.
range was not affected by an ~ncrease In angle of afte-r-
body keel. An Increase in depth of step (by lowering the
forebode), which increased the propeller clearance, reduced
the range of speeds over which the spray entered the pro-
pellers.

3. With a depth of step of 3.8 percent beam (titthe
centrnld) the basic model was unstable in landing for
trims apove 6°. This landing instability was eliminated
by an increase in depth of step to 7 percent beam. An
increase in ang”leof afterbody keel tended to decrease
landing stablll.ty. .

#



---

12 MR NO. L5C30

~. The location of the main step was satisfactory
for take-off with neutral or up elevators at forward
posltlons of the center of gravity, and with elevator
deflections of -10° or less at after positions of the
center of gravity.

5. With neutral elevators, an increase in depth of
step or angle of afterbody keel had no anpreclable effect
on the forward limit for stable positions of the center
of gravity. With -10° elevatoi’s, an increase in depth of
step moved the after limit far stable positions of the
center of gravity farther af’t. An increase in angle of
afterbody keel had ilt) further effect on this limit.

Langley Memorial Aeronautical Laboratory
National Advisory Cmmlttee for Aeronautics

Langley Field, Va.
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TABLE I - MODEL PARTICULARS OF PBN-1
.-.,... -.,. ..-.-.... . . .

Item
,. ., ~~~d~i 192; l/&~l~~.

.. .

Hull:
Beam, maximum, in...... . . . . . . . . . 15.30
Length of forebody (bow to centroid

ofmai.n step),in. . . . . . . . . . . . . .
Length of afterbody (centroid of”main

38.67

step to second s%ep),i.n. . . . . . .
Length of tail extension, in, . . . .
Length, over-all, in. . . . . . . . .
Planformof step . . .. . . . . . . .
Depth ~f step, at keel, in.
Depth of step, at centrold of”v~ej ~nl
AnCle of dead rise at step,

Excluding chine flare, deg . . . . .
Including chine flare, deg . . . . .

Angle of forebody keel, deg. . . . . .
Angle of afterbody keel, deg . . . . .
Angle between keel lines at step, deg.

. . . . - 31.)+6
● . . . 27.50
.,.. 2763.
.,.. 20 vee
. . . .
. . . .

. . . .

. . . .

.,..

..*.
● ✎✌✎

WIng:
Area, Sqft . . . . . . ● . . . . . . . . . .
Span, lnm . . . . . . . . . . . . . . . . . .
Root chord, in. . . . . . . . . . . . . . . .
Tipchorc?, in. . . . . . . . . . . . . . . . .
An~le of Incidence, deg
wean aerodynamic chord (MIAICI)” “ “ “ “ “ 9 “

LengthP in. . . . . . . . . . . . . . . . .
Leading edge aft of bow, in. . . . . . . . .
Leading edge forward of point of step, in. .
Leading edge above base line, in. . . . . .
Angle to base line, deg . . . . . . . . . .

Horizontal tail surface:
Area, sqft . . . . . . . . . . . . . . . . .
Span, in. . . . . . . . . . . . . . . . . .
Angle of st~bilizer to wing chord, deg . . . .
Angle ofdihedral, deg.... . . . . . . . .
Elevator chord, in. . . . . . . . . . . . . .
Elevator span, one side, in. . . . . . ! . . .
Elevator root section . . . . . . . . . . . .NACA M-2

0“ 9
zo. 0

22.5
19.0
1.05
6.25
7.30

21.9
156.0

22.5
15.0

6.0

20.76
27.6
12.7

6.0
18.6

4;::
-2.0

0.0
6.8

493

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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PARTICULARS OF PBN-I.TABLE

Item
.“. .

,
‘,,

!:. . ,Model
.,.

.
.
m

.

.

. . ... .

... *,

. ..*.

1.. .

.
●

✎

✎

✎

Propellers : 1

.

.

.

.

.

. 2N~ber of propellers . . . .
Number of blades . . ; . . .
Diameter, in. . . . . . . .
Anccleof tkrust line to base

.

.

.

.
.

. 3

. 18 ~
iine, deg

An~le of blade at d.75 radius, C!eg . .

.,
.
. “1; “

. .

,

..

NATIONAL ADVISORY
COHIITT.~ FOR AERONAUTICS

..

. .
. . .

t
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Figure 1.-. Mode I 192. General arrangement.



Figure 2.- Photograph of basic model 192.
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Figure2.- Photograph of basic model 192.
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Model 192A. Model 192

Figure 3a. - Photographs of bows for models 192 and 192A.
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Egure 3(b) .-Sketch of bows fbr models 192and 192A.
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v, %3 fps’; T, O.P ,’..’”,’.!::,: ,.

V, 5.2 fps; T, 0.4° 1r1-t7.e---- C 70

Tr’171 4----- . -24v, 6.3 f~s’ T 20°,=.-. ....... ....—.—..-. --L.-.4-.” -“----.- —- —.——.-.
ti~rayover bow ~r~ th’ot@ ~r~~ei~ers ~A~~

LMAL‘41241

Figure 9.- Model 192. Spray characteristicsatlow taxiingspeed;with
power (43% rpm). Ao, 71.7pounds (37,000pounds full-size);

center ofgravity,28 percentmean aerodynamic chord.
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Figure 10.- Model 192A. Spray characteristicsatlow taxiingspeed;
with power (4335rpm ). Ao, 71.7pounds (37,000pounds full-size);

centerofgravity,28 percentmean aerodynamic chord.



..-

MR IWO.L5C33

v, 6.0 fps;r, 2.P
Spr~ over bow

v, 13.2 fps;“T,7.9°
Spraythroughpxmpellers J@&:

,,

Figure 11.- Model 192A-1. Spray characteristics@ low taxiingspeed;
withpower (4335rpm). Ao, 71.7pounds (37,000pounds full-size);

centerofgravity,28 percentmean aerodynamic chord.
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characteristicsatlow taxiingspeed;
.7pounds (37,000pounds full-size);

V, 6.0 fps;T, 2.5°
Sprayoverbow

Figure 12.- Model 192A-2. Spray
withpower (4335rpm). Ao, 71

centerofgravity,28 percentmean aerodynamic chord=



MR No. L5CX)
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V, 6.0 fps;T, 2.1o V, 12.8 fps;r, 7.0°
Sprayover bow Spraythroughpropellers-
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Figure 13.- Model 192B. Spray characteristicsatlow taxiingspeed;
with power (4335rpm). Ao,71.7pounds (37,000pounds full-size);
centerofgravity,28 percentmean aerodyanmic chord.
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LMAL 41246

Figure 14.- Model 192B-1. Spray characteristicsatlowt-ing speed;
with power (4335rpm ). A., 71.7pounds (37,000pounds full-size);

centerofgravity,28 percentmean aerodynamic chord.
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Figure Z7 .- Model 192. Variation of trim and draft during landing.
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